Abstract. The rotation of the disk of the LMC is derived from the radial velocities of 975 carbon stars. The radial component of the disk's velocity ellipsoid is σ R = 28 ± 14 km s −1 . The disk rotates with a true maximum circular velocity of 79 km s −1 after correcting for asymmetric drift. For a typical submaximal disk, the LMC's dark halo has a mass of 1 × 10 10 M ⊙ inside of 10 kpc. If the LMC microlensing lens population is a halo of stars in the LMC, its mass-to-light ratio is > 10.
Introduction
The rotation of the LMC disk is interesting in its own right, but also sets the stage for the interpretation of LMC microlensing.
Data and Results
The LMC surface density profiles of RR Lyrae stars and carbon stars from 2MASS (Nikolaev & Weinberg 2000) are compared in the left panel of Fig. 1 . The RR Lyrae stars are very old and show an exponential profile like a disk rather than an isothermal halo. The LMC stellar "halo" could weigh as much as 1.5×10 9 M ⊙ if all of the LMC's red-clump giants are horizontalbranch stars like those found in Galactic globular clusters .
The carbon star radial velocity data are taken from two sources: 422 stars from Kunkel, Irwin, & Demers (1997; "K") and 573 stars from Hardy, Schommer, & Suntzeff (2000; "H") . Their distribution on the sky is shown in the right panel of Fig. 1 (K = black, H = white). Also plotted is the surface density of 2MASS carbon stars (Nikolaev & Weinberg 2000) . The center of the carbon star distribution is about 1 • south of the H I kinematic center (Kim et al. 1998 ; shown as white ×). The rotating disk solutions are shown in Fig. 2 (for details see Alves & Nelson 2000) . Error bars on the rotation curve are estimated with a Monte Carlo technique that accounts for uncertainties in the LMC space motion. Error bars on the velocity dispersions are σ/n 1/2 . carbon star rotation curve at large radii. This velocity is uncertain by only a few km s −1 (uncorrelated errors). I find σ 2 M AJ − σ 2 M IN = −116 ± 28 averaged over all points on the flat portion of the carbon star rotation curve (R > 3 kpc), which yields σ R = 28 ± 14 km s −1 . The correction for asymmetric drift is
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which yields a true maximum circular velocity of 79 +6 −4 km s −1 , where the uncertainty is mostly that of σ R ; I have adopted (∂ ln ρ/∂ ln r) = −1 (Alves & Nelson 2000) . The maximal disk model fit shown in Fig. 2 corresponds to M/L R = 2.95 and a total mass of 6 × 10 9 M ⊙ .
For σ R derived above, the observed velocity dispersion is mostly the vertical component of the dispersion in the LMC disk, which uniquely determines the disk's self-lensing optical depth (1.4 × 10 −8 ; Alves & Nelson 2000) . The disk's optical depth is independent of whether it is maximal or submaximal. For the model of σ shown in Fig. 2 , the disk is flared, disk truncation is important at small R, and the Galactic dark halo is responsible for the rise at large R.
If the LMC has an isothermal dark halo, the flatness of the carbon-star rotation curve at large R, and the lack of a perceptible roll-over in the RR Lyraestar spatial density at R < 1 kpc, favor a small core radius; I adopt a 0 = 0.3 kpc. For Bottema's (1993) typical submaximal disk (63% of the true maximum circular velocity contributed by the disk), the LMC disk weighs 2.5 × 10 9 M ⊙ , and the LMC dark halo has a mass of 1.0 × 10 10 M ⊙ inside of 10 kpc. This dark halo would account for an optical depth of 8.3 × 10 −8 if composed entirely of MACHOs (Gyuk, Dalal, & Griest 2000) . The ratio by mass of the LMC's stellar and dark halos is < ∼ 0.15. Thus the optical depth for self-lensing by an LMC halo of stars (M/L = 1.6) is probably less than 1.2 × 10 −8 . 
Discussion
Over a dozen microlensing events have been detected towards the LMC (Alcock et al. 2000b; Lasserre et al. 2000) , but the nature of the lenses remains elusive. They could be ordinary stars in the LMC itself (Sahu 1994) , or they could be massive compact halo objects (MACHOs) in our own Galaxy. Stellar kinematics rule out LMC self-lensing models in which the lenses and sources are members only of the virialized LMC disk (Gould 1995) . The spatial distribution of microlensing events also rules out self-lensing exclusively by stars in the virialized LMC disk (93% confidence), but allows for models with extended halos (Alcock et al. 2000b ). Thus for self-lensing to be viable, the LMC must possess an unobserved kinematically hot stellar "halo" (Salati et al. 1999) , or a "thick disk" (Weinberg 2000) , or a nonvirialized component (Graff et al. 2000) .
The LMC microlensing optical depth is 1.2 × 10 −7 with an uncertainty of 30% (Alcock et al. 2000b) . Galactic stars are responsible for about 1 × 10 −8 of this, and LMC disk and halo stars contribute < ∼ 3 × 10 −8 , as obtained above. Constrained by the total number of horizontal-branch stars in the LMC, a lensing halo of stars must have a mass-to-light ratio > 10 in order to generate an optical depth of 8 × 10 −8 , and thereby eliminate the need for MACHOs. This minimum mass-to-light ratio is appropriate for any lens population located near the LMC (e.g., Zhao 1998). Gould (1998) obtained a similar lower limit on the mass-tolight ratio of tidal debris located in front of the LMC.
An LMC stellar halo would have an unusually large number of substellar objects if it were the lens population (< 0.1 M ⊙ ; Zhao 1998; Gould 1999) . In the standard halo model, compact objects of mass ∼0.5 M ⊙ make up about 20% of the Galactic and LMC dark halos by mass (Alcock et al. 2000b) . Proof of either the MACHO-lens or LMC-lens models would directly inform us of the composition of dark halos.
Analysis of one binary source event toward the LMC favors a lens located in the LMC's disk or halo (Alcock et al. 2000c) , which is consistent with a strong bias to detect binary source effects with LMC lenses rather than Galactic halo lenses, and with the optical depth budget discussed above.
The source stars in LMC self-lensing models must preferentially lie at the back side of the LMC, and thus will have preferentially higher interstellar reddenings (Zhao 1998) . If the lenses are MACHOs, the reddenings of the source stars will be statistically the same as surrounding stars in their lines of sight. Based on this argument, the V − I colors of 8 source stars rule out a model where they are all located ∼7 kpc behind the LMC disk at the 85% confidence limit (Alcock et al. 2000d) . If individual source star reddenings were measured, a more powerful Poisson test of the lens models would be possible.
If MACHOs are responsible for LMC microlensing, they would represent a significant constituent of baryonic dark matter in the Universe. A 20% fraction of dark halos (e.g., Alcock et al. 2000b ) would account for Ω B = 0.020 -0.050, enough to resolve the well-known cosmic baryon deficit (Fukigita, Hogan & Peebles 1998) . MACHOs may lie in thick disk-like structures (Gates & Gyuk 1999) , in which case they could be old white dwarfs and evade chemical pollution constraints. Ibata et al. (2000) may have detected such candidate-MACHO old white dwarfs in their deep proper-motion survey in the Hubble Deep Field.
